A growing literature ties in utero conditions to life course outcomes, including education, earnings, and adult health and mortality. A smaller literature has begun to examine the intergenerational impacts of in utero conditions. A link between these two literatures-the impacts of in utero conditions on family formation-has had few examinations but offers a potential set of mechanisms for the intergenerational reach of early conditions. This paper draws from the 1960 US Decennial Census to examine whether individuals exposed in utero to the 1918/19 influenza pandemic had different family formation patterns than adjacent unexposed cohorts. The findings suggest small overall effects on marriage rates, number of children, and several measures of "type" of spouse for men, but moderate effects for women. For example, women with in utero exposure during their first trimester marry men with 0.2 fewer years of schooling than those not exposed. The findings show that exposed individuals have spouses with lower schooling than unexposed counterparts, this effect is particularly large for women, and it increases the likelihood of marrying spouses with very low levels of schooling.
Introduction and background literature
A large and growing literature has shown evidence of life course effects of poor in utero conditions (Almond and Currie, 2011 for review) . A key set of studies have used the 1918/1919 influenza pandemic as an in utero shock that was largely unanticipated and short lived in order to estimate causal effects on life course outcomes. Almond (2006) estimated that in utero exposure to the influenza pandemic in the US resulted in lower educational attainments as well as increased the likelihood of disability and lower incomes fifty or more years later. Related research (Mazumder et al., 2010; Almond and Mazumder, 2005; Fletcher, 2014) has linked this exposure to additional measures of adult health and mortality. Much of this work has been supportive of the importance of the fetal origin hypothesis-that early exposures shape long term health and socioeconomic trajectories, possibly through the early programming of critical body systems and epigenetic signatures that persistent throughout the lifecourse.
A smaller literature has taken findings from animal models that point to the possibility that insults to one generation may impact future generations to begin to examine the intergenerational effects of the influenza pandemic. Richter and Olof Robling (2013) were the first to identify an effect of prenatal exposure to the 1918 flu pandemic on the outcomes of the subsequent generation. The authors use historical influenza morbidity data matched to birth information and find that maternal in utero exposure in the second trimester lowers educational attainment for female offspring but not for male offspring. They also find an analogous result for paternal exposure and male outcomes: second trimester exposure lowers educational attainment for male offspring.
1 Cook et al. (2016) use a sample from Wisconsin and find that children of exposed individuals had lower educational attainment, as did grandchildren. An important question raised by the emerging evidence of intergenerational effects of in utero exposure is whether the mechanism is biological or social (or both). A possible biological mechanism is through epigenetic markers-where the environment "turns off/on/up/down" levels of genetic expression-that may be able to pass between parents and children. While there is currently limited evidence of this mechanism in humans, 2 many studies using animal models, particularly mice, have shown these E-mail address: jason.fletcher@wisc.edu (J.M. Fletcher).
1 van den Berg and Pinger (2016) examine multigenerational effects of famine during pre-puberty in Germany during World War I. 2 Sen et al. (2015) presents supporting evidence from 35 mother-infant pairs in Detroit.
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Economics and Human Biology j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / e h b effects (Stewart et al., 1980 ). An alternative mechanism linking in utero exposure to an insult to the outcomes of the next generation is through social mechanisms. For example, exposed individuals could suffer in the marriage market and thus the offspring would have "lower quality" parents. While there has been much investigation of the impacts of the influenza pandemic in the US, investigations of family formation have not been undertaken. Indeed, much of the evidence in the literature that focuses on impacts of in utero exposures on marriage and fertility outcomes is from less developed settings 3 or from earlier historical periods.
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Marital status was found to be negatively impacted by early childhood exposure to the 1959-61 China famine (Almond et al., 2007; Brandt et al., 2016) . Lee (2014) found increases in the number of children born and reductions in spousal education for women in utero during the harshest part of the Korean War. 5 This paper extends the literature by estimating the impacts of in utero exposure to the 1918/1919 influenza pandemic on marriage and fertility outcomes using data from the 1960 Census. Results suggest that this domain of outcomes were affected in exposed females but not exposed males. The results suggest a need for further investigation for the sources of these gender differences.
A potential implication of these results suggests a difficulty of interpreting intergenerational effect estimates in other work. Specifically, models of transgenerational inheritance of epigenetic signatures often rely on a sex-difference between the number of generations between the exposure and the outcome to obtain evidence for inheritance (e.g. Richter and Olof Robling, 2013) . Because pregnant females carry two generations (fetus and sex cells of the fetus) during an environmental exposure, researchers often seek a fourth generation's outcomes (exposed mother, daughter, child-ofdaughter, grandchild-of-daughter) to confirm transgenerational effects. Since an exposed male only carries a single generation of sex cells, researchers can examine impacts on the (not directly exposed) third generation to confirm transgenerational effects. The findings of this paper, that in utero shocks may have sex-specific social effects, further cloud the ability of prior work to take advantage of sex-specific effects across generations to confirm transgenerational transmission.
Empirical methods
The empirical analysis largely follows Almond (2006) and subsequent work that focuses the data on a narrow window of birth cohorts around the 1918/1919 influenza pandemic. The key assumption is that the pandemic arrived quickly, exposed a narrow set of birth quarter-cohorts, and then vanished quickly. The speed of the pandemic and that it was unanticipated would suggest that birth cohorts surrounding the 1918/1919 "treated" group can serve as appropriate counterfactual controls to allow a causal interpretation of the findings. Since the marriage and fertility outcomes of these birth cohorts are also affected by the Great Depression (when the exposed cohorts were approximately 15-20 years old) (e.g. Hill, 2015) , having these control groups who were also affected by the Great Depression can potentially allow a separation between exposure to the pandemic and the Great Depression.
The main analysis uses a 10-year window on each side of the pandemic, but additional analyses are shown that narrows and widens this windows to assess the robustness of the main results. The key controls are for birth year and birth quarter, and the analysis is first pooled and also stratified by gender. A key estimating equation from the literature is given by the following form:
The primary focus is on the coefficient b 1 , which measures the effect of influenza exposure on a number of outcomes for i individuals. Year of birth time trends and their square are denoted by gT i , and e i is representative of a clustered error term (on birth year).
More specifically, we will further separate the YOB indicator into five quarter of birth indicators, as the influenza pandemic began in the final quarter of 1918 and lasted into the second quarter of 1919. Thus, potentially exposed individuals were born between the fourth quarter of 1918 (only exposed during the third trimester) and the fourth quarter of 1919 (mainly exposed in the first trimester). The estimating equation is thus:
where birth quarter fixed effects (Q i Þ are also added to the equation, as Buckles and Hungerman (2013) have shown that the composition of births differ by quarter of birth.
Data
The data for this study are drawn from the public use version of the 1% US 1960 Decennial Census available at IPUMS (Ruggles et al., 2015) . 6 Alternative datasets that were considered were the 1940, 1950, and 1970 Census files. The 1940 Census is now complete count, though it only allows a snapshot of outcomes in an early stage of the life course (i.e. the respondents who were exposed to the 1918/19 influenza pandemic are surveyed when they are 21/22 years old). Since the average age-at-first marriage for women during this time is 21 (see Table 1 below), the fertility and marriage outcomes would be severely censored. A limitation with the 1950 Census is that every household has one "sample-line" person who answered questions, so that the analysis that explores impacts on spousal characteristics would be unavailable; in addition, quarter of birth is unavailable for individuals over the age of one. The 1970 Census has the limitation that the exposed cohort is 51/52 years old, so that the number of children in the household at the survey may not fully represent total fertility.
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The analysis focuses on marriage and fertility outcomes in the 1960 Census. To anchor the analysis for comparison with Almond (2006) , I also analyze educational attainment information. Marriage outcomes include whether the individual is currently married (in 1960) , the age at first marriage, and the age and educational attainment of the spouse (using the relationship variables in the Census to match husbands and wives). Fertility outcomes include whether there are any children in the household and the number of children. In addition, I examine whether exposure to the influenza epidemic created "missing" demographic cells by estimating the impacts of exposure on both the count of respondents in each birth quarter/year and also whether the individuals represented in the census are more/less likely to be female or nonwhite. 8 Table 1 presents summary statistics for individuals in the Census who were born between 1909-1927. The average educational attainment is nearly 11 years, 72% of the sample has children in their household with an average of 1.85 children, 85% of the respondents are married with an average age of first marriage of 23.11. Nearly 50% of the sample are male and only 10% are not white. Approximately 1% of the sample was born in each of the five quarters of influenza exposure, though the large Census samples will allow precise estimates of effects below. Appendix A Table A1 stratifies the descriptive statistics based on gender; the main difference that is uncovered is that the average age at first marriage is less than 22 for women and over 24.5 for men. Appendix A Table A2 reports the sub-sample for the second analysis of spouse characteristics, which is smaller because only the married individuals are eligible to be included in the table. This subsample is slightly more educated and has slightly more children than the full sample that is not conditioned on being married.
Results
Before estimating the impacts of in utero exposure to the influenza pandemic on adult outcomes, I first explore how the influenza pandemic may have shaped the cohorts through mortality selection. There are wide estimates of the mortality effects of the pandemic, some sources suggest 675,000 in the US (Johnson and Mueller, 2002) . While the largest effects were among the youngest and oldest in the nation, the pandemic was unique in having large mortality burdens for young and middle age adults (25-45). Fig. 1 displays evidence that there are "missing" people in this cohort due to the pandemic.
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A next question is whether the pandemic shaped the composition of the surviving cohort in measurable ways. One metric that could suggest that the pandemic culled the "weakest" babies is the male/female ratio, as there is substantial evidence that male fetuses are more sensitive to environmental stressors than female fetuses (Hamoudi and Nobles, 2014; Noymer and Garenne, 2000) . Table 2 presents regression analysis that also confirms relatively large reductions in the size of the cohorts but reductions that are nearly identical in magnitude (and not statistically different) by gender-the middle three quarters experienced a 5-10% reduction in size while the first and last quarter show 2-5% increases. This evidence is suggestive that the pandemic did not shape the composition of births but could have left lingering disadvantages for those who survived. Table 3 reports associations between birth cohort exposure and socioeconomic outcomes measured in 1960 (i.e. approximately age 41-42 for the exposed cohorts). Each column uses an analytic sample centered at the 1919 birth cohort and adding 10 years of birth cohorts on each side. Appendix A Table A3 shows the same analysis with alternative window lengths. To compare the results to the past literature, Column 1 reports estimates of the impact of 7 An alternative measure to consider is the "number of children ever born", which is available in both the 1960 and 1970 census. In the 1960 census, only married women were asked this question. In the 1970 census, only women were asked the question. Because the analysis focuses on potential sex differences in the impacts of the influenza pandemic and family outcomes, the lack of data for men requires the use of the "children in the household" measure rather than the "number of children ever born" measure. A limitation of the "children in the household" measure is that some children may have already left the household at the time of the survey and other children may not yet be born. An advantage of the research design is that these issues of measurement would need to be discontinuous for the 1918/1919 birth quarters to bias the analysis. 8 This analysis is related to the recent work by Boberg-Fazlic et al. (2017) who explore the fertility dynamics of the influenza pandemic in Sweden.
9 While it would be useful to leverage geographic variation in the influenza pandemic, Almond (2006, p 686) notes "Influenza infection was not made a reportable disease in the United 10 These results are in contrast to the large female/male ratio changes from the famine in China documented in Brandt, Siow, and Vogel (2016).
in utero exposure on years of schooling and shows approximately 0.1 year reductions, which is very similar to the findings from Almond (2006) (Fig. 3) .
Having established the comparability of estimated impacts of in utero exposure to the influenza pandemic on educational attainment as previous research, the next set of estimates in Table 3 explores whether these in utero exposures also affected marital outcomes in the sample. Perhaps surprisingly, the estimates for marriage and fertility are much more muted. The likelihood of marriage is 0.2-0.4 percentage points lower in exposed cohorts, and the standard errors are small enough to rule out modest effects. For those who married, the age at first marriage is slightly lower, by about a month or less. Column 4 and 5 show small reductions in the likelihood of having children and the number of children. Altogether, the gender-pooled estimates suggest quite moderate impacts on a range of marriage and fertility outcomes for those exposed in utero to the influenza pandemic, a next question is whether there is evidence of heterogeneity based on gender. Table 4 stratifies the last set of results by gender to explore the possibilities of differential impacts. While the educational impacts were somewhat similar 11 (also found in Almond, 2006) , the results do suggest differences in marriage and fertility outcomes. Exposed females are slightly less likely to be married and get married at younger ages, while males experience no impact on marriage and get married at slightly older ages. Fig. 4 shows unadjusted evidence of a larger and uninterrupted reduction of marriage likelihoods for females across the five 11 See also Fig. 3 , which presents unadjusted averages of years of schooling by birth cohort quarter. exposed birth quarters whereas the male time series shows limited evidence of consistent effects across the quarters of birth. Fig. 5 again shows a relatively stable decline and osculation in the average age of first marriage for men but some evidence of marrying at younger ages than would be expected for the exposed cohorts. Table 4 also shows that exposed females are less likely to have children and have fewer children (Fig. 7 ) , whereas the effects for males are smaller and more mixed. Fig. 6 suggests limited effects for the likelihood of having any children for men but somewhat clearer evidence of reductions for women. Again, the estimated impacts are quite small in all cases.
To further examine marital outcomes, Table 5 examines spousal characteristics of individuals who were exposed to the pandemic in utero. Like previous results, the findings suggest differences by gender. Exposed females who marry have less educated spouses and unexposed females; indeed, the effect sizes are generally larger than the main effects on own education. In contrast, exposed males face little to no reduction in spousal education. Fig. 8 plots these unadjusted relationships and again points to visual evidence of a large reduction in spousal education for the exposed cohorts of females but limited visual evidence for males. Table 6 shows that the spousal education effects for exposed females are concentrated among spouses with very low levels of schooling.
For spousal age, while Table 5 suggests that exposed females marry older men than unexposed females, Fig. 9 suggests no differences compared to the trend line, which implies this regression may be misspecified by its inclusion of a quadratic birth year term and birth quarter controls. 
Conclusions
This paper is among a small number of investigations that focus on the marriage and fertility implications of exposure to in utero insults. While there is growing evidence that exposure to in utero famine conditions impact later household formation, especially using datasets from China, less is known about a broader set of in utero exposures, such as severe strains of influenza. Additionally, while the effects of the 1918/1919 pandemic have been established along a number of domains, including human capital and health capital outcomes, no current work has examined the pandemic's influence on household formation outcomes.
The main results of the paper are that women exposed in utero to the 1918/1919 influenza pandemic have patterns of marriage and fertility that differ than their unexposed counterparts. While I find relatively small effects of whether women are married, there is evidence that they get married earlier and marry less educated men. In contrast, while men's own education is shaped by their in utero exposure, their family formation outcomes do not seem to be affected. There are limitations to the analysis that should be considered when interpreting these results. First, the outcome measures are taken in 1960, over 40 years following the exposure. These measures are unable to capture some of the richness of marriage and fertility events that occur over the forty year time period. In particular, children who have exited the household are not represented in the measures, as are spouses who exited through divorce or death; it is important to recall, though, that in order for these issues to bias the estimates, the measurement error would need to be different for the affected vs. unaffected cohorts. Additionally, while there was important unmeasured geographic variation in the reach of the pandemic, this variation is eliminated through the use of state-of-birth fixed effects rather than leveraged to explore dose-response relationships. Related, birth year and quarter is used as the "treatment" variable, making the interpretation of the results "intent to treat" estimates rather than the effects of actual influenza exposure, which is not measured in the data. These limitations should be viewed in light of the advantages of the data, which include large sample sizes that allow precise estimates and the ability to rule out modest effect sizes, population representativeness, and the ability to assign "treatment" based on quarter of birth rather than age or birth year.
Evidence on the effects of in utero exposures to disease for family formation outcomes is important both to understand the full effects of these exposures as well as in understanding and interpreting a second vein of the literature, which has found intergenerational consequences to in utero exposures. One possibility of this link is biological and occurs through epigenetic transmission, where the environmental imprint of the parent is passed to the child through some (yet unknown) epigenetic mechanism, as has been shown in many animal models. A second possibility is that the intergenerational effects are mediated through social processes, like the marriage market outcomes of the first generation, that then shapes the next generation. Indeed, the results from this paper suggest some evidence of this social mechanism, as exposed females attain both lower education and also marry husbands with lower education than similar unexposed females.
12 Because this social mechanism appears to be largely absent for males, we might expect intergenerational effects to be larger for children of exposed females than for children of exposed males if the social mechanism is the leading pathway. Indeed, results in Cook et al. (2016) find exactly this pattern on the second generation's educational attainment and other outcomes. Understanding additional mechanisms that link in utero exposure to family formation outcomes as well as to intergenerational processes should be the subject of future work. Additional Controls: Same as Table 5 . Robust standard errors in parentheses. Odds ratios reported. The outcome is measured as a binary indicator of whether spousal education is less than or equal to the value provided. * p < 0.1. ** p < 0.05. *** p < 0.01. 12 The pattern of results also suggests the possibility of a social mechanism in parent-of-origin effects in genetics, which is the phenomenon that the effects of genotype on phenotype differ based on whether the genotype was inherited from the father or mother (Lawson et al., 2013 for overview).
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